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Our Reference: INC- 031 PATENT 


ELECTRO-MAGNETIC ACTUATOR HAVING 
A SHORTENED MAGNETIC FLUX FLOW LOOP 


RELATED APPLICATIONS 
5 This application claims the benefit of U.S. 

Provisional Application No. 60/129,161, filed April 14, 
1999 . 


FIELD OF THE INVENTION 
The subject invention relates to an 
10 electro-magnetic actuator having a shortened magnetic 
flux flow loop. 


BACKGROUND OF THE INVENTION 
Many modern vehicles include an engine and an 
electro-magnetic actuator for controlling a viscous fluid 

15 clutch associated with an engine cooling fan. In general 
operation, the clutch is designed to couple and decouple 
the fan and the engine. When the clutch is actuated, a 
rotary force is transmitted from the engine through the 
clutch to the fan. In this manner, the cooling fan is 

20 mechanically driven by the engine. Typically, the rotary 
force is produced by a water pump pulley within the 
engine. When the clutch is deactuated, the fan is 
decoupled from the engine. As such, no rotary force is 
transmitted from the engine to the fan. The electro- 

25 magnetic actuator is used to actuate and deactuate the 
clutch . 


Figure 1 is a cross-sectional side view of a 
prior art electro-magnetic actuator 10 attached to a 
known type of viscous fluid clutch 12 . The prior art 
3 0 actuator 10 includes a housing 14, a rotary shaft or core 
16, a nut 18, a non-magnetic stainless steel bushing 20, 
a bearing 22, an electrical coil 24, and a ferromagnetic 


2 

can 26. The rotary shaft 16, includes a first end 
portion 28 disposed outside the housing 14 and a second 
end portion 30 disposed inside the housing 14. The 
entire shaft 16 is adapted to rotate or spin in relation 
5 to the housing 14 . 

The nut 18 include an inner peripheral surface 
32, an outer peripheral surface 34, and a fastening means 
36, such as a thread. The fastening means 3 6 is adapted 
to attach the actuator 10 to the clutch 12. When 

10 attached, the nut 18 spins with the clutch 12. The 

stainless steel bushing 20 is adapted to couple the first 
end portion 28 of the shaft 16 and the inner peripheral 
surface 32 of the nut 18. When coupled, the shaft 16, 
the bushing 20, and the nut 18 form a interface surface 3 8 

15 which spins with the clutch 12 . 

Conventionally, the actuator 10 is threaded 
into a mounting and interface port 40 in the clutch 12. 
In this arrangement, the interface surface 38 is disposed 
adjacent to a spring- loaded armature plate 42 located 
20 inside the clutch 12. The interface surface 38 is spaced 
from the armature plate 42 to form an air gap 44 . 

The bearing 22 is disposed around the second 
end portion 30 of the shaft 16. The bearing 22 is 
adapted to rotatably support the shaft 16. The 
25 electrical coil 24 is disposed around the shaft 16 

between the nut 18 and the bearing 22. The electrical 
coil 24 is adapted to receive electrical current and 
produce magnetic flux. 

The ferromagnetic can 26 is disposed around the 
30 shaft 16. The can 26 has a peripheral surface 46 

extending between the shaft 16 and the outer peripheral 
surface 34 of the nut 18. The peripheral surface 46 of 
the can 26 establishes a path for magnetic flux flow 
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between the shaft 16 and the outer peripheral surface 34 
of the nut 18. The peripheral surface 46 of the can 26 
is shaped to encase both the electrical coil 24 and the 
bearing 22 inside the can 26. 

5 The electrical coil 24 forms a ring around the 

entire shaft 16 inside the can 26. When power is applied 
to the actuator 10, electrical current flows through the 
coil 24 producing magnetic flux. The magnetic flux flows 
in a loop 48, hereinafter referred to as a magnetic flux 

10 flow loop, which circles radially about the cross- 
sectional center point of the coil 24. The magnetic flux 
consists of magnetic lines of force which collectively 
constitute a magnetic field. The magnetic field is 
formed in a toroidal or doughnut like shape around the 

15 axis of the shaft 16. 

The magnetic flux flow loop 48 is illustrated 
in Figure 1. The magnetic flux flow loop 48 extends from 
the first end portion 28 of the shaft 16 through the 
length of the shaft 16 to the second end portion 3 0 of 

2 0 the shaft 16, from the second end portion 3 0 of the shaft 

16 along the peripheral surface 46 of the can 26 around 
or outside both the bearing 22 and the electrical coil 24 
to the outer peripheral surface 34 of the nut 18, from 
the outer peripheral surface 34 of the nut 18 through the 
25 nut 18 to the inner peripheral surface 32 of the nut 18, 
and between the inner peripheral surface 32 of the nut 18 
and the first end portion 28 Of the shaft 16 along an 
arch-shaped airborne path portion 50. The airborne path 
portion 50 of the magnetic flux flow loop 48 arches 

3 0 outwardly from the actuator 10 around the non-magnetic 

bushing 20. 

When power is applied to the actuator 10, the 
airborne path portion 5 0 of the magnetic flux flow loop 
4 8 applies a magnetic force across the air gap 44 onto 
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the armature plate 42 located inside the clutch 12. The 
magnetic force pulls the armature plate 42 inward, from a 
spring-loaded closed position to an open position, 
reducing the air gap 44 between the armature plate 42 and 
the interface surface 38. In the open position, the 
armature plate 42 permits fluid flow and coupling within 
the clutch 12. In this manner, the actuator 10 actuates 
the clutch 12. 


When power is not applied to the actuator 10, 
the armature plate 42 returns to the spring-loaded off 
position. In the spring-loaded off position, the 
armature plate 42 restricts fluid flow and coupling 
within the clutch 12. In this manner, the clutch 12 is 
deactuated . 


15 Although the prior art actuator 10 effectively 

actuates and deactuates the clutch 12, it has several 
shortcomings. For one, the magnetic flux flow loop 4 8 
about the electrical coil 24 is relatively long, thereby 
reducing the strength of the clutch actuation force and 

20 overall electrical efficiency of the actuator 10. For 
another, the bearing is a separate component disposed 
inside the can thus requiring associated labor and 
assembly time. Accordingly, it would be desirable to 
provide an electro-magnetic actuator which overcomes the 

25 shortcomings of the prior art. 


SUMMARY OF INVENTION 
The present invention is an electro-magnetic 
actuator having a shortened magnetic flux flow loop. The 
actuator includes a shaft having a first end portion and 
3 0 a second end portion and a nut having an inner peripheral 
surface and an outer peripheral surface. The inner 
peripheral surface of the nut is coupled with the first 
end portion of the shaft. A bearing is disposed around 
the second end portion of the shaft for rotatably 


5 

supporting the shaft. An electrical coil is disposed 
around the shaft between the nut and the bearing for 
receiving electrical current and producing magnetic flux. 
A ferromagnetic can is disposed around the shaft having a 
peripheral surface extending between the shaft and the 
outer peripheral surface of the nut for establishing a 
path for magnetic flux flow there between. The 
peripheral surface of the can is interposed between the 
electrical coil and the bearing partitioning the 
electrical coil inside the can and the bearing outside 
the can. Preferably, the bearing is a circular ball 
bearing assembly which is insert molded into the 
actuator . 


The present invention provides an electro- 
15 magnetic actuator having a shorter magnetic flux flow 
loop, a stronger clutch actuation force, and a greater 
electrical efficiency than prior art actuators. 
Additionally, insert molding the ball bearing assembly 
into the actuator reduces the cost of the present 
20 invention relative to prior art actuators. 


BRIEF DESCRIPTION OF THE DRAWINGS 
The description herein makes reference to the 
accompanying drawings wherein like reference numerals 
refer to like parts throughout the several views, and 
2 5 wherein: 

Figure 1 is a cross-sectional side view of a 
prior art electro-magnetic actuator attached to a known 
type of viscous fluid clutch; 

Figure 2 is a front perspective view of an 
30 electro-magnetic actuator in accordance with the present 
invention; and 

Figure 3 is a cross - sectional side view of the 
electro-magnetic actuator in accordance with the present 
invention attached to a known type of viscous fluid 
35 clutch. 
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DETAILED DESC RIPTION OF THE PREFERRED EMBODIMENT 

Referring now to Figure 2, a front perspective 
view of an electro-magnetic actuator 110 in accordance 
with the present invention is illustrated. The actuator 
5 110 is particularly suited to couple with and control a 
known type of viscous fluid clutch to be installed in a 
vehicle for the purpose of controlling the operation of 
an engine cooling fan via a controller, such as a 
thermostatic sensor . 

10 Figure 3 is a cross-sectional side view of the 

electro-magnetic actuator 110 in accordance with the 
present invention attached to a known type of viscous 
fluid clutch 112. The actuator 110 includes a housing 
114, a rotary shaft or core 116, a nut 118, a non- 
15 magnetic stainless steel bushing 120, a bearing 122, an 
electrical coil 124, and a ferromagnetic can 126. The 
rotary shaft 116 includes a first end portion 128 
disposed outside the housing 114 and a second end portion 
13 0 disposed inside the housing 114. The entire shaft 
20 116 is adapted to rotate or spin in relation to the 
housing 114. 

The nut 118 includes an inner peripheral 
surface 132, an outer peripheral surface 134, and a 
fastening means 136, such as a thread. The fastening 

25 means 13 6 is adapted to attach the actuator 110 to the 
clutch 112. When attached, the nut 118 spins with the 
clutch 112. The stainless steel bushing 120 is adapted 
to couple the first end portion 128 of the shaft 116 and 
the inner peripheral surface 132 of the nut 118. When 

3 0 coupled, the shaft 116, the bushing 120, and the nut 118 
form an interface surface 138 which spins with the clutch 
112 . 

The actuator 110 is threaded into a mounting 
and interface port 140 in the clutch 112. In this 
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arrangement, the interface surface 138 is disposed 
adjacent to a spring-loaded armature plate 142 located 
inside the clutch 112. The interface surface 138 is 
spaced from the armature plate 142 to form an air gap 
144 . 

The bearing 122 is disposed around the second 
end portion 130 of the shaft 116. The bearing 122 is 
adapted to rotatably support the shaft 116. The 
electrical coil 124 is disposed around the shaft 116 
between the nut 118 and the bearing 122. The electrical 
coil 124 is adapted to receive electrical current and 
produce magnetic flux. 

The ferromagnetic can 12 6 is disposed around 
the shaft 116. The can 126 has a peripheral surface 146 
extending between the shaft 116 and the outer peripheral 
surface 134 of the nut 118. The peripheral surface 146 
of the can 126 establishes a path for magnetic flux flow 
between the shaft 116 and the outer peripheral surface 
134 of the nut 118. 

The peripheral surface 146 of the can 126 is 
interposed between the electrical coil 124 and the 
bearing 122 partitioning the electrical coil 124 inside 
the can 126 and the bearing 122 outside the can 126. The 
peripheral surface 146 of the can 126 includes a first 
wall 152 and a second wall 154 . The first wall 152 
extends radially outward from the second end portion 13 0 
of the shaft 116 between the electrical coil 124 and the 
bearing 122 to a distal end 156 of the first wall 152 
located beyond or outboard of the electrical coil 124 . 
The second wall 154 extends axially with respect to the 
shaft 116 between the distal end 156 of the first wall 
152 and the outer peripheral surface 134 of the nut 118. 
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In the present invention, the electrical coil 
124 is disposed inside the can 126 and the bearing 122 is 
disposed outside the can 126. Thus, in this design, the 
bearing 122 can be insert molded into the actuator 110 to 
reduce cost. Preferably, the bearing 122 is a circular 
ball bearing assembly. 


The electrical coil 124 forms a ring around the 
entire shaft 116 inside the can 126. When power is 
applied to the actuator 110, electrical current flows 

10 through the coil 124 producing magnetic flux. The 

magnetic flux flows in a loop 14 8, hereinafter referred 
to as a magnetic flux flow loop, which circles radially 
about the cross-sectional center point of the coil 124. 
The magnetic flux consists of magnetic lines of force 

15 which collectively constitute a magnetic field. The 

magnetic field is formed in a toroidal or doughnut like 
shape around the axis of the shaft 116. 


The magnetic flux flow loop 148 is illustrated 
in Figure 3. The magnetic flux flow loop 148 extends 

20 from the first end portion 128 of the shaft 116 through 

the length of the shaft 116 to the second end portion 13 0 
of the shaft 116, from the second end portion 13 0 of the 
shaft 116 along the peripheral surface 146 of the can 126 
between the electrical coil 124 and the bearing 122 to 

25 the outer peripheral surface 134 of the nut 118, from the 
outer peripheral surface 134 of the nut 118 through the 
nut 118 to the inner peripheral surface 132 of the nut 
118, and between the inner peripheral surface 132 of the 
nut 118 and the first end portion 128 of the shaft 116 

30 along an arch-shaped airborne path portion 150. 


The non-magnetic bushing 120 prohibits magnetic 
flux flow directly between the first end portion 128 of 
the shaft 116 and the inner peripheral surface 132 of the 
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nut 118, As a result, the airborne path portion 150 of 
the magnetic flux flow loop 148 arches outwardly in 
relation to the actuator 110 around the non-magnetic 
bushing 120, The airborne path portion 150 of the 
5 magnetic flux flow loop 14 8 is best shown arching 
outwardly from the actuator 110 in Figure 2. 

When power is applied to the actuator 110, the 
airborne path portion 150 of the magnetic flux flow loop 
148 applies a magnetic force across the air gap 144 onto 

10 the armature plate 142 inside the clutch 112 as shown in 
Figure 3 . The magnetic force pulls the armature plate 
142 inward, from a spring-loaded closed position to an 
open position, reducing the air gap 144 between the 
armature plate 142 and the interface surface 138, In the 

15 open position, the armature plate 142 permits fluid flow 
and coupling within the clutch 112. In this manner, the 
actuator 110 actuates the clutch 112. 

When power is not applied to the actuator 110, 
the armature plate 142 returns to the spring- loaded off 
20 position. In the spring-loaded off position, the 

armature plate 142 restricts fluid flow and coupling 
within the clutch 112. In this manner, the clutch 112 is 
deactuated . 

The present invention provides an electro- 
25 magnetic actuator having a shorter magnetic flux flow 
loop, a stronger clutch actuation force, and a greater 
electrical efficiency than prior art actuators. 
Additionally, insert molding the ball bearing assembly 
into the actuator reduces the cost of the present 
3 0 invention relative to prior art actuators. 
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What is claimed is : 


1 1 . An electro-magnetic actuator for 

2 controlling a clutch to be installed in a vehicle, the 

3 actuator comprising: 

4 a shaft having a first end portion and a second 

5 end portion; 

6 a nut having an inner peripheral surface and an 

7 outer peripheral surface, said inner peripheral surface 

8 coupled with said first end portion of said shaft; 

9 a bearing disposed around said second end 

10 portion of said shaft for rotatably supporting said 

11 shaft; 

12 an electrical coil disposed around said shaft 

13 between said nut and said bearing for receiving 

14 electrical current and producing magnetic flux; and 

15 a ferromagnetic can disposed around said shaft 

16 having a peripheral surface extending between said shaft 

17 and said outer peripheral surface of said nut for 

18 establishing a path for magnetic flux flow there between, 

19 said peripheral surface of said can interposed 

20 between said electrical coil and said bearing 

21 partitioning said electrical coil inside said can and 

22 said bearing outside said can. 

1 2 . The actuator asset forth in claim 1 

2 including a bushing disposed between said first end 

3 portion of said shaft and said inner peripheral surface 

4 of said nut for coupling said shaft and said nut, 

1 3. The actuator as set forth in claim 2 

2 wherein said bushing is formed from a non-magnetic 

3 material for prohibiting magnetic flux flow directly 

4 between said first end portion of said shaft and said 

5 inner peripheral surface of said nut. 


1 4 , The actuator as set forth in claim 1 

2 wherein magnetic flux produced by said electrical coil 
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3 flows in a loop about said electrical coil, said magnetic 

4 flux flow loop extending from said first end portion of 

5 said shaft through said shaft to said second end portion 

6 of said shaft, from said second end portion of said shaft 

7 along said peripheral surface of said can between said 

8 electrical coil and said bearing to said outer peripheral 

9 surface of said nut, from said outer peripheral surface 

10 of said nut through said nut to said inner peripheral 

11 surface of said nut, and between said inner peripheral 

12 surface of said nut and said first end portion of said 

13 shaft along an arch-shaped airborne path portion, said 

14 airborne path portion arching outwardly from the 

15 actuator. 

1 5. The actuator as set forth in claim 4 

2 wherein said arch-shaped airborne path portion of said 

3 magnetic flux flow loop applies a magnetic force onto a 

4 portion of the clutch when said actuator is assembled to 

5 the clutch. 

1 6 . The actuator as set forth in claim 1 

2 wherein said peripheral surface of said can includes a 

3 first wall extending radially outward from said second 

4 end portion of said shaft between said electrical coil 

5 and said bearing to a distal end of said first wall 

6 located beyond said electrical coil, and a second wall 

7 extending axially with respect to said shaft between said 

8 distal end of said first wall and said outer peripheral 

9 surface of said nut. 

1 7. The actuator as set forth in claim 1 

2 wherein said bearing is an insert molded bearing fixed 

3 inside said actuator. 


1 
2 
3 


8 . A combination of an electro-magnetic 
actuator and a viscous fluid clutch installed in a 
vehicle, the clutch having an armature plate for 
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4 controlling fluid coupling within the clutch, the 

5 actuator comprising : 

6 a shaft having a first end portion and a second 

7 end portion; 

8 a nut having an inner peripheral surface and an 

9 outer peripheral surface, said inner peripheral surface 
10 coupled with said first end portion of said shaft; 

H a bearing disposed around said second end 

12 portion of said shaft for rotatably supporting said 

13 shaft; 

14 an electrical coil disposed around said shaft 

15 between said nut and said bearing for receiving 

16 electrical current and producing magnetic flux; and 

a ferromagnetic can disposed around said shaft 

18 having a peripheral surface extending between said shaft 

19 and said outer peripheral surface of said nut for 

20 establishing a path for magnetic flux flow there between, 

21 said peripheral surface of said bearing can 

22 interpose between said electrical coil and said bearing 

23 partitioning said electrical coil inside said can and 

24 said bearing outside said can. 

1 9. The combination as set forth in claim 8 

2 wherein the actuator includes a bushing disposed between 

3 said first end portion of said shaft and said inner 

4 peripheral surface of said nut for coupling said shaft 

5 and said nut . 

1 10. The combination as set forth in claim 9 

2 wherein said bushing is formed from a non-magnetic 

3 material for prohibiting magnetic flux flow directly 

4 between said first end portion of said shaft and said 

5 inner peripheral surface of said nut. 


1 
2 
3 


11. The combination as set forth in claim 8 
wherein magnetic flux produced by said electrical coil 
flows in a loop about said electrical coil, said magnetic 
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4 flux flow loop extending from said first end portion of 

5 said shaft through said shaft to said second end portion 

6 of said shaft, from said second end portion of said shaft 

7 along said peripheral surface of said can between said 

8 electrical coil and said bearing to said outer peripheral 

9 surface of said nut, from said outer peripheral surface 

10 of said nut through said nut to said inner peripheral 

11 surface of said nut, and between said inner peripheral 

12 surface of said nut and said first end portion of said 

13 shaft along an arch-shaped airborne path portion, said 

14 airborne path portion arching outwardly from the 

15 actuator. 

1 12. ■ The combination as set forth in claim 11 

2 wherein said arch-shaped airborne path portion of said 

3 magnetic flux flow loop applies a magnetic force onto the 

4 armature plate of the clutch displacing the armature 

5 plate toward the actuator and actuating the clutch. 

1 13 . The combination as set forth in claim 8 

2 wherein said peripheral surface of said can includes a 

3 first wall extending radially outward from said second 

4 end portion of said shaft between said electrical coil 

5 and said bearing to a distal end of said first wall 

6 located beyond said electrical coil, and a second wall 

7 extending axially with respect to said shaft between said 

8 distal end of said first wall and said outer peripheral 

9 surface of said nut . 


1 
2 
3 


14, The combination as set forth in claim 8 
wherein said bearing is an insert molded bearing fixed 
inside said actuator. 
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ABSTRACT OF THE DISCLOSURE 
An electro-magnetic actuator includes a shaft 
having a first end portion and a second end portion and a 
nut having an inner peripheral surface and an outer 
peripheral surface. The inner peripheral surface of the 
nut is coupled with the first end portion of the shaft. 
A bearing is disposed around the second end portion of 
the shaft for rotatably supporting the shaft. An 
electrical coil is disposed around the shaft between the 
nut and the bearing for receiving electrical current and 
producing magnetic flux. A ferromagnetic can is disposed 
around the shaft having a peripheral surface extending 
between the shaft and the outer peripheral surface of the 
nut for establishing a path for magnetic flux flow there 
between. The peripheral surface of the can is interposed 
between the electrical coil and the bearing partitioning 
the electrical oil inside the can and the bearing outside 
the can. 



FIG -2 
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Applicant or Patentee: Waiter J. Budd, Steve R. Hojnacki, Thomas J. Dolinshek 

Serial or Patent No: Attorney's Docket No.: )I\IC-031 

Filed or Issued: 

Title: ELECTRO-MAGNETIC ACTUATOR HAVING A SHORTENED MAGNETIC FLUX FLOW LOOP 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) and 1.27 (c)) - SMALL BUSINESS CONCERN 

I hereby declare that I am 

[ 1 the owner of the small business concern identified below: 

[X] an official of the small business concern empowered to act on behalf of the concern 

identified below: 

NAME OF SMALL BUSINESS CONCERN: Pontiac CoiL Inc. 

ADDRESS OF SMALL BUSINESS CONCERN: 5800 Moody Drive 

Clarkston, Michigan 48348-4766 

1 hereby declare that the above-identified small business concern qualifies as a small business concern as 
defined in 13 CFR 121.3-18, and reproduced in 37 CFR 1.9 (d), for purposes of paying reduced fees to the 
United States Patent and Trademark Office, in that the number of employees of the concern, including those 
of its affiliates, does not exceed 500 persons. For purposes of this statement, (1) the number of employees 
of the business concern is the average over the previous fiscal year of the concern of the persons employed 
on a full-time, part-time or temporary basis during each of the pay periods of the fiscal year, and (2) concerns 
are affiliates of each other when either, directly or indirectly, one concern controls or has the power to 
control the other, or a third party or parties controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with the small business 
concern identified above with regard to the invention, entitled ELECTRO-MAGNETIC ACTUATOR HAVING A 

SHORTENED MAGNETIC FLUX FLOW LOOP 

by inventor(s) Walter J. Budd, Steve R. Hoinacki, Thomas J. Dolinshek described in: 

(X] the specification filed herewith. 

[ ] application serial no. , filed . 

I 1 patent no. , issued . 

If the rights held by the above-identified small business concern are not exclusive, each individual, concern or 
organization having rights in the invention is listed below* and no rights to the invention are held by any 
person, other than the inventor, who would not qualify as an independent inventor under 37 CFR 1.9 (c) if 
that person made the invention, or by any concern which would not qualify as a smalt business concern 
under 37 CFR 1.9 (d), or a nonprofit organization under 37 CFR 1.9 (e). ^'NOTE: Separate verified 
statements are required from each named person, concern or organization having rights to the invention 
averring to their status as small entities. (37 CFR 1.27) 

NAME 

ADDRESS 


[ ] INDIVIDUAL 


[ ] SMALL BUSINESS CONCERN 


I 1 NONPROFIT ORGANIZATION 
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NAME 

ADDRESS 

[ 1 INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ 1 NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status 
resulting in toss of entitlement to small entity status prior to paying, or at the time of paying, the earliest of 
the issue fee or any maintenance fee due after the date on which status as a small entity is no longer 
appropriate. (37 CFR 1.28 (b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18_of the United States Code, and that such willful false 
statements may jeopardize the validity of the application, any patent issuing thereon, or any patent to which 
this verified statement is directed. 


NAME OF PERSON SIGNING John W. Moody 



W.\I\1NC032 VST 


